Running page head: Control of nutrient supply on picoplankton groups A reorientation of Margalef´s first plot was presented a year later to accommodate 74 alternative tracks in the main sequence that might result in red-tide formation (Margalef 75 et al. 1979). A recent review of Margalef´s model, including the discussion of its 76 dynamical features and its significance for blooms, has been provided by Wyatt (2014) . 77
winter-early spring bloom after re-stratification are responsible for increasing primary 95 production in this region. Our three cruises sampled different oceanographic conditions, 96 starting with early stages of the late winter-early spring bloom, followed by the late 97 stage of the bloom, and ending with summer stratification. Here we analyze this data set 98 in order to investigate the response of picoplankton to different levels of mixing and 99 nutrient supply, as an attempt to integrate this fundamental group of planktonic 100 microorganisms within the Margalef's mandala conceptual framework. 101 102
Methods 103
Field data were collected during three cruises carried out on board BIO abundance and cell properties (see Table 1 and Figure 1 ). Wind speed data were 114 collected by the on board meteorological station. 115 116
Determination of dissolved inorganic nitrogen and phosphate 117
Samples for dissolved inorganic nutrients analysis were collected at 7-9 depths in the 118 upper 400 m, and filtered through precombusted (450°C, 4 h) 47 mm diameter 119
Whatman GF/F filters in an acid-cleaned glass filtration system, under low N 2 -flow 120 pressure. Samples for dissolved inorganic nitrogen (nitrate plus nitrite) and phosphate 121 determinations were collected in 30-ml polypropylene and 60-ml polycarbonate bottles, 122 respectively, and those for nitrate plus nitrite kept frozen (−20°C) until analyses. Nitrate 123 plus nitrite concentrations, thereafter nitrate, were measured spectrophotometrically 124 with an Alliance Evolution II autoanalyzer following standard procedures (Grasshoff et  125 al. 1999). The detection limit was 0.01 mmol N m −3 . Phosphate concentrations were 126 determined immediately after collection manually using the procedure of Grasshoff et 127 al. (1999) , with a Shimadzu UVprobe spectrophotometer using a 10 cm cuvette to 128 increase the detection limit to 0.01 mmol P m Finally, picoplankton biomass was computed using the following conversion factors of 151 volume to carbon: Norland (1993) 
Results 227

Hydrographic conditions during the FAMOSO cruises 228
The data obtained by the CTD sensors included in the MSS profiler allowed us to 229 characterize the hydrographic conditions during the FAMOSO cruises (see Figure 2) . 230
During F1 (14-22 th March) we sampled the early stages of the late winter-early spring 231 bloom (Estrada et al. 2014), when intense mixing of the water column was observed. 232
The depth of the mixed layer, computed as the depth where sigma-t differs by 0.125 233 from the 10 m value, extended down to ca. 153 m at this cruise. Averaged temperature 234
and salinity values at this layer were 13.1ºC and 38.6, respectively (Table 2) Table 2) . 260
Chlorophyll-a concentration was higher during F1, when maximum values were located 261 at the surface (1.7±0.5 mg m -3 ) ( Table 2 (Table 2) . Prochlorococcus showed low abundance during F1 (<0.5x10 4 cell ml -1 ), 290 was absent during F2, and showed relatively high abundance during F3, when a 291 maximum cell density of ca. 1.9 x10 5 cell ml -1 was found at 50 m on station 7. 292
Averaged depth-integrated abundance was significantly higher during F3 (53±25 x10 11 293 cell m -2 ) compared to F1 (0.7±0.2 x10 11 cell m -2 ). Surface Synechococcus abundance 294 ranged from 1.6 to 37x10 4 cell ml -1 . The lowest values were found during F3, whereas 295 the highest abundance was sampled during F2 (station 4). Averaged depth-integrated 296 abundance for this group was only statistically higher during F2 (74±50 x10  11 Combining the information of abundance and cell size we determined the contribution 314 of each group to the picoplankton total carbon biomass (Table 2 and Figure 6 ). Due to 315 the variability observed between the stations sampled at the same cruise, LNA and 316 HNA bacterial biomass did not differ statistically between the three periods. 317
Prochlorococcus biomass was higher during F3 (216±12 mg C m -2 ) compared to F1 318 (3±1 mg C m -2 ), whereas an increase in Synechococcus biomass was observed during F2 319 (871±570 mg C m -2 ), compared to F1 (325±114 mg C m -2 ) and F3 (134±57 mg C m -2 ). 320
Finally small (171±48 mg C m -2 ) and large (167±52 mg C m -2 ) picoeukaryotes biomass 321 was higher during F1 compared to F3 (20±14 and 50±21 mg C m -2 , respectively). 322
Heterotrophic bacteria were the main contributor to carbon picoplankton biomass except 323 during F2, when the contribution of Synechococcus significantly increased up to 51% 324 (Table 2 and Figure 6 ). Prochlorococcus biomass contributed less than 1% during F1 325 and increased up to 21% in F3. Finally, the contribution of small and large 326 picoeukaryotes descreased from F1 (13-14%) to F3 (2-5%). 327 328
Correlations between nitrate fluxes and the picoplankton community 329
The magnitude of nitrate fluxes were the result of the mixing conditions and the vertical 330 nitrate gradient across the nitracline. Mixing conditions, represented by the value of 331 vertical diffusivity, were higher during F1 compared to F2 and F3 (see Table 2 and 332 (Table 3) . 347
In order to summarize our results in the framework of the model proposed by During the FAMOSO cruises, and probably in other studies comparing highly 437 contrasting hydrographic regimes, stratification could be a valid proxy for mixing and 438 nutrient supply, as intense stratification conditions are associated with low dissipation 439 rates, low mixing and low nutrient supply (see Table 2 ). However, increases in 440 turbulence and mixing can also occur in stratified water columns due to, for example, we calculated a proxy for light availability in the photic layer (LA), considering the 499 magnitude of the surface radiation, the light attenuation coefficient, and the vertical 500 displacements due to turbulent diffusivity (see methods). The correlation analysis 501 between LA and picoplankton abundance showed that only large picoeukaryotes 502 (r 2 =0.226, p<0.05) and Synechococcus (r 2 =0.357, p<0.001), the latter being the only 503 autotrophic picoplankton group which did not correlate significantly with nutrient 504 supply, showed a significant positive relationship with light availability (Table 3) . 505
Hence, in our case light availability seems to play a more important role than nutrients 506 in controlling the higher Synechococcus abundances sampled during F2 ( Figure 8B) . 507 We are aware that more data, covering a larger spectrum of hydrographical conditions, 508 will be needed in order to determine the relative contribution of the availability of light 509 and nutrients on structuring the picoplankton community composition. However, the 510 results from this work indicate that nutrient supply was more important than light 511 availability as a control factor responsible for the overall picoplankton composition 512 observed during the FAMOSO cruises in the northwestern Mediterranean Sea (Figure  513 Table 2 . Mean values for selected variables collected during the FAMOSO cruises. ε is dissipation rate of turbulent kinetic energy, N 2 Brunt-Väisälä frequency, 1%PAR depth of the 1% of the surface photosynthetically active radiation and LA light availability in the photic layer. Surface values correspond to data collected at ca. 5 m. Nitrate concentrations (abundance and biomass of picoplankton groups) correspond to depth-integrated values for the upper 100 m (down to the photic layer depth). ε, N 2 , Vertical diffusivity, nitrate gradients, and diffusive fluxes were calculated across the nutricline (see methods). Cell volume is the averaged volume computed for the photic layer. LNA is low nucleic acid content bacteria, HNA high nucleic acid content bacteria, Proch Prochlorococcus, Syne Synechococcus, S_picoEuk small picoeukaryotes and L_picoEuk large picoeukaryotes. Contribution (%) of individual groups to total picoplankton biomass is indicated. A nonparametric one-way analysis of variance (Kruskall-Wallis) was performed to test the null hypothesis that independent different groups come from distributions with equal medians. STD is standard deviation calculated using all the profiles deployed at each cruise, and p is statistical probability. The Bonferroni multiple comparison test was applied a posteriori to analyse the differences between every pair of groups (1=F1, 2=F2 and 3=F3). Statistical significance at level α=0.05 (*), α=0.01(**) and α=0.001(***) is indicated. Table 1 ). For each station the 6-7 microturbulence profiles deployed are plotted. Time between stations is not proportional to the time scale plotted in the x axis. Table 1 ) and ticks indicate all the CTD casts deployed at each cruise. Epsilon profiles correspond to averaged values computed from the 6-7 profiles deployed at each station. Table 1 ). Table 1 ). Erros bars correspond to standard deviation. . Relationship between abundance of low (LNA) and high (HNA) nucleic acid content bacteria, Prochlorococcus, Synechococcus, small picoeukaryotes and large picoeukaryotes and vertical diffusive flux of nitrate computed for the FAMOSO cruises. The black lines represent the lineal fit for those relationships which, by using the total data collected during the three cruises, were statistically significant (see Table 3 ). Variables which did not follow normal distributions were log-transformed. 
